Chinese hamster fibroblast cells in stirred suspension cultures were exposed to volatile anaesthetic agents for 3 hr or for 24 hr. Cell viability was measured as colony forming ability and was found to be reduced, in a dose related manner, by halothane, chloroform, methoxyflurane, trichloroetheylene and diethyl ether.
Several studies have demonstrated that volatile anaesthetic agents can cause a reduction in cell replication in various types of mammalian cells in culture (Breummer, Brunetti and Schreiner, 1967; Fink and Kenny, 1968; Ishii and Corbascio, 1971; Jackson, 1972) . Some of these workers also noticed effects on cell viability in their experiments. Breummer, Brunetti and Schreiner (1967) found that xenon reduced the proportion of HeLa cells, from a suspension culture, that became attached to the glass in roller tubes and multiplied. Ishii and Corbascio (1971) found much cytolysis amongst their rat hepatoma cells, but these were exposed to a very high concentration of halothane. Jackson (1972) , on the other hand, concluded that halothane in concentrations up to 5% had no effect on the "viability" of rat hepatoma cells as measured by the erythrosin B exclusion technique.
It was decided therefore, to test the effect of several inhalation anaesthetic agents on the viability of a line of Chinese hamster lung fibroblasts by the method of determining the survival of colony forming ability (CFA). Under the well-proven Puck plating system (Puck and Marcus, 1955; Puck, Marcus and Cieciura, 1956 ) the cells are first treated with a known concentration of a toxic agent, the culture is then carefully diluted and a prearranged number of cells in suspension is transferred to Petri dishes containing a suitable growth medium. The cells rapidly become attached to the bottom of the dishes, each viable cell will divide to form a colony, and these can be counted after a few days. Cell survival or CFA can then be calculated relative to survival of control, untreated cells. Injured cells may fail to adhere to the dish or may die before producing scorable colonies.
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MATERIALS AND METHODS

Cells and medium
The cells used in this study were Chinese hamster lung fibroblasts, Clone V79. They were grown either as colonies in a monolayer attached to glass bottles or specially treated plastic Petri dishes, or as a suspension of separate single cells in spinner flasks stirred with a fixed or free rotating magnet. Under these conditions the doubling time of the cultures is about 12 hr.
Eagle's minimum essential medium (MEM), with added antibiotics and 15% foetal calf serum, was used for growth of attached cells. MEM modified for suspension culture, with 7% foetal calf serum, was used for growth in spinner culture. Since MEM contains sodium bicarbonate as a buffer, 5% carbon dioxide/ 95% air was used in the incubator and as the carriergas in all experiments.
Anaesthetic vapours
Experiments were undertaken with five different volatile anaesthetic agents, as follows: (1) Halothane (Fluothane, I.C.I.), using a Drager Vapor vaporizer. (2) Methoxyflurane (Penthrane, Abbott), using a Pentec 2 vaporizer (Cyprane Ltd, England). (3) Chloroform, analar, containing 2% ethanol, using (a) a Chlorotec vaporizer (Cyprane), or (b) the vaporizer described by Allison and others (1970) . (4) Trichloroethylene (Trilene, I.C.I.), administered as in (3b). (5) Diethyl ether (May and Baker) using an Abingdon vaporizer (Longworth Scientific Instrument Company, Oxford). The vapour concentration of each gas was measured both before and after each treatment by interference refractometry , using a Riken refractometer (Riken Fine Optical Company, Model 27) . All the concentrations reported below were measured in this way and reliance was not placed on the calibration of the various vaporizers.
Experimental procedure
In a typical experiment, part of a stock spinner culture of exponentially growing cells was diluted with fresh medium to reduce the cell count to about 3 X10 5 cells/ml. 30-ml aliquots of this suspension were put into each of several 100-ml Clearfit conical glass flasks, each containing a small Teflon-covered magnetic follower, and closed with a glass Clearfit stopper. These flasks were kept on magnetic stirrers in a heated room at 37°C when not under treatment. During exposure to anaesthetic agents each flask in turn was placed in a water bath at 37°C, standing on a magnetic stirrer. Pre-mixed 5% carbon dioxide/ 95% air flowed through a vaporizer at the minimal recommended flow rate, and the effluent at 400-750 ml/min was passed into the flask containing the cell suspension through a glass tube containing a small cotton wool filter, and fixed to a 2-mm stainless steel tube. The lower end of the tube was positioned about 25 mm above the level of the cell solution, which was stirred by a magnet so as to cause a small vortex in the solution. The halothane concentration in water treated in this manner reaches its equilibrium value in 15 min. This was verified by measuring the optical density at 205 nm (Barrett and Nunn, 1972) . At the end of treatment the tube was removed and the glass stopper was fitted quickly. Preliminary experiments had shown that there was no measurable reduction in halothane or trichloroethylene concentration in the gas phase when the vapour was confined for 24 hr in a Clearfit 100-ml flask in contact with 30 ml of stirred cells in medium at 37°C. A special feature of Clearfit is that a gas-tight joint is obtained without the use of grease.
Gas was passed into each flask for 30 min (in the case of control flasks only carrier-gas was used); it was then closed and stored in the heated room for either 3 hr or 24 hr. After this time the flask was opened, a sample of the cell suspension was removed, and the cells were counted in a haemocytometer. On two occasions, after treatment at high dose levels, the cells were found to be in loose clumps. They were effectively separated by passing the suspension through a hypodermic needle. A suitable volume of suspension was then diluted with fresh medium in a series of test tubes to a final concentration of 50-400 cells/ml, according to the expected cell survival, and during this process the anaesthetic was allowed to escape to atmosphere. One ml of the final cell dilution was added to each of four sterile plastic Petri dishes, 50 mm in diameter, and containing 6 ml of MEM, which had been prepared previously. These dishes were specially treated to allow of cell attachment to the base. The cell inoculum consists almost entirely of single cells which rapidly become attached to the dish and later divide to form separate colonies. The dishes were kept in an incubator containing 5% carbon dioxide/95% air at 37°C for 6-7 days. Thereafter the medium was discarded and the attached cell colonies were washed with saline, fixed with alcohol, stained with dilute methylene blue, and finally counted.
Calculation of results
The survival of cells, measured as colony forming ability, is the number of colonies that develop, divided by the number of cells that were introduced into the Petri dish. The survival of the control cells is called the plating efficiency (PE), and this figure was always between 80% and 90% for the control dishes in these experiments. In cell survival studies the dose-response curve is usually plotted on linear/log co-ordinates and the response to a noxious substance is quantified as the "surviving fraction" for CFA, which is defined as:
No. of test colonies counted No. of test cells plated
For each concentration of each anaesthetic agent, CFA was determined as the mean of four dishes. Mean and standard error of the mean were calculated for the surviving fraction, but, in most instances, there was very little scatter of the results and ± 1 SEM was smaller than the range covered by the points on the graphs.
RESULTS
All five anaesthetic agents decreased the colony forming ability in a dose-dependent manner ( fig. 1,  A-E) . In all cases the dose-response curves for 24 hr exposure were parallel and to the left of the curves for 3 hr exposure. The concentrations required for 50% effect (ED 50 ) were approximately doubled for the shorter exposure (table I) , the ratios for ED 50 (24 hr) /ED 50 (3 hr) ranging from 1.6 to 2.0. The doseresponse curves plotted on the chosen co-ordinates showed differences in slope for the different agents and the ratio ED 50 /MAC varied markedly between different anaesthetics. For a 24-hr exposure to halothane, chloroform and diethyl ether the value was close to 3, but was as high as 11 for trichloroethylene (table I) . With the exception of trichloroethylene, all the anaesthetic agents tested showed a reasonable correlation between the ED 50 for inhibition of CFA and the oil/gas coefficient at 37°C (fig. 2) . 11.0 •from Eger et al. (1969) ; fvahie calculated from lipid solubility. Steward et al. (1973) .
DISCUSSION
The reduction of the rate of cell multiplication by anaesthetic agents could be a result of lengthening of the cell cycle time, or the death of a proportion of the cells, or, more likely, a combination of the two factors. It is also known that very high concentrations of inhalation anaesthetic agents will cause lysis of cells (Ishii and Corbascio, 1971) , but the author is not aware of any quantitative studies of the effect of clinically used concentrations of anaesthetic agents on cell survival. Colony forming ability is a measure of cell survival and the technique used in this study is a wellestablished system which gives repeatable results. The findings reported here show that cells which appear to be normal after a period of exposure to an anaesthetic agent may yet be incapable of forming colonies to the extent observed in controls. Exposure lasting 24 hr had approximately double the effect of exposure lasting 3 hr, suggesting that this effect is cumulative and related to both time and dose. The mechanism of reduction of colony forming ability by exposure to anaesthetic agents is not known, but it may be assumed that those cells which do not form colonies actually die during the incubation period. Cell death might be caused by damage to the chromosomes, but Sturrock and Nunn (in press) found no chromosome aberrations in Chinese hamster fibroblasts at 24 and 48 hr after treatment with various concentrations of several anaesthetic agents. However, they observed numerous abnormal metaphases which were probably caused by interference with the mitotic spindle and which apparently resulted in occasional tripartite division of the nucleus or in formation of binucleate or multinucleate cells. The subsequent fate of such cells is unknown. Another possible cause of death is delayed lysis of cell membranes.
It is known that exposure to halothane causes a reduction in uptake of tritiated thymidine into DNA (Bruce, 1972; Cullen, Sample and Chretien, 1972; Jackson, 1973; Sturrock and Nunn, in press ). Exposure to halothane during the pre-synthetic phase of the cell cycle in a synchronized culture resulted in a delay in the onset of DNA synthesis, as shown by the uptake of tritiated thymidine, the uptake of which was reduced in amount also. This suggests a lasting impairment of the mechanism concerned in the incorporation of thymidine into DNA.
Whatever the cause of the reduction of colony forming ability, it is becoming clear that volatile anaesthetic agents have widespread effects on the growth of mammalian cells and a single mode of action seems improbable. The effects observed have mostly occurred close to or above the concentrations used in clinical anaesthesia, and at present there is no indication of any mechanism which might interfere seriously with cell division at the trace concentrations found in operating theatre atmospheres. 
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